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SIMiARY 


A Vampire  Uk.5  was  instrument  at  ed  and  spun  to  determine  the 
charaoteristlcs  of  the  spin  and  recovery. 

All  spins  were  of  two  or  four  turns  duration;  normally  entered  spins 
were  steep  and  oscillatory  with  largo  rolling  and  pitching  oscillations 
present.  The  most  violent  osolUations  ooourrod  in  the  spins  at  20,000  ft 
altitude,  spins  at  35,000  ft  ware  less  oscillatory  and  spins  in  which 
antl-^pin  aileron  was  applied  were  almost  steady. 

The  peak  angular  velocity  of  the  fuselage  axis,  applying  a gyroscopic 
oov^le  to  the  engine,  was  measured  as  2.35  rads/scc  in  a spin  at  20,000  ft 
altitude. 

Recovery  ftcm  four  turn  spins,  by  normal  recovery  action,  was  always 
satisfactory;  but  with  rudder  only  centralised  instead  of  reversed, 
recovery  was  doubtful. 

The  space  attitude  and  motion  was  deduced  from  the  spin  records  and 
some  observations  made  as  to  the  main  features  of  the  oscillations. 
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1 Introduotlon 

The  De  Havllleiid  Vaoqpire  Mk.3  Is  a single  seat  jet  propelled  fighter 
eiroraft  in  servloe  with  the  R.A.F. 

To  cover  the  oase  of  an  aooidental  spin  in  servloe  all  fighter  type 
airoraft  are  required  to  be  able  to  recover  fraa.  two  turn  spins  and  Servloe 
training  requires  that  the  pilots  praotioe  two  turn  spins  in  order  to 
familiarize  themselves  with  spin  end  recovery  technique.  Intensive  prao- 
tise  spinning  of  Vaiq^lre  5's  was  proposed  by  the  Air  Hinistry  and  it  was 
required  that  the  spin  and  reoovory  oharaoteristios  of  the  airoraft 
should  be  fully  investigated  at  the  R.A.S. 

The  primary  object  of  the  tests  was  to  measure  the  airoraft  angular 
velooities  and  acoelerations  in  the  spin.  In  addition  the  opportunity 
was  taken  to  Investigate  other  aspects  of  the  spins.  Spins  were  made 
with  various  control  oonflgurations  at  three  different  altitudes;  and 
the  recovery  from  the  spin  was  investigated  using  different  control 
movements. 

2 Description  of  AjirfirnfM: 

2.1  Aerodvnamios 

A general  arrangement  drawing  and  data  sheet  for  the  aircraft  is 
presented  in  figure  1.  The  airoraft  has  awing  loading  of  39.4  Ib/sq  ft. 
The  twin  boom  fuselage  is  of  elllptioal  section  and  the  tallplane  spins 
the  booms  in  a position  below  the  rudders  such  that  the  •inside*  rudder 
in  the  spin  is  shielded  (i.c.  starboard  rudder  in  a spin  to  starboard). 

2.2  Loading  of  Airoraft  (Pull  Fuel) 

The  aircraft  was  weighed  with  all  fuel  tanks  full,  200  lbs  ballast 
in  the  seat  to  represent  the  pilot  and  vfith  all  test  equipment  installed 
in  the  empty  ammunition  bays.  (The  particular  airoraft  Van^ire  VZ835 
used  in  these  tests  was  also  fitted  with  en  ejector  seat.)  Sufficient 
measurements  were  made  to  enable  the  position  of  the  centre  of  gravity 
to  be  oaloulated. 

The  inertia  loading  of  the  airoraft  was  obtained  from  firms 
calculations  as  detailed  in  following  table  1. 

TAELS  1 

Aircraft  weight  and  inertias  (full  fuel) 


VZ835 

(Pull  Fuel) 

Ueasured 

Calculated  fl:om 
firms  data 

Hemarks 

Weight 

10,283 

- 

C.Gr.  position 
U/oap  11:011 
C.Cr.  datum 

0,625  ft  aft 
of  datum 
(Z9-/'>  li.A.0,) 

mmSBSSSKM 

- 

224,000 

Reduction  of  weight 
and  Inertias  with 
fuel  ocnsunptlon 
obtalnsd  by  calcula- 
tion based  on  firms 
data 

am 

345,700 

iiim 

523,000 

Lxesrties  at  spins 
are  gj.ven  in  table  3 

4 
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During  the  ollnib  to  spinning  height  the  fuel  used  caused  an  appreoiablo 
reduction  in  the  weight  and  inertias  of  the  airooReft.  Fuel  was  mainly 
consumed  from  the  wing  tanJes  thua  primarily  reducing  the  rolling  moment 
of  inertia,  A. 

Therefore  just  before  spins  the  pilot  noted  the  amount  of  fuel  oon-* 
suiped  from  the  tanks  and  this  figure  was  used  to  oalculate  the  reduction 
In  weight  and  inertias  from  the  full  fuel  oondition.  The  oalculatod 
loadings  of  the  airoraft  at  each  spin  are  included  in  the  sunmarised 
spin  results  of  table  3. 

3 Maasxacements  Made 

3.1  Airoraft  Inatnunentation 


The  instrumentation  detailed  in  the  following  table  2 was  installed 
in  the  aircraft. 


TABLE  2 

Details  of  Instruments 
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The  three  rate  gyros  were  mounted  in  the  port  front  ammsiltlan  bear 
to  measure  rates  of  roll  pitch  and  year  about  the  alroraft  body  axes. 

The  aooelerometars  were  as  oloso  to  the  C.G-.  as  possible  in  the  port  rear 
bay,  to  measure  acoolcrations  along  the  alroraft  Z'  and  Y'  body  axes; 
their  measurements  wore  prosentod  by  tho  Dosynn  system  on  roooiTex*s  in 
the  auto~observer.  Tho  actual  ;position  of  the  aooeleroraeters  was  2.5 
in  front  of  tho  C.G.  and  1.5  ft  to  port.  Small  oerreotions  are  therefore 
neoessary  to  the  spin  aooeleration  records  to  obtain  the  actual  alroraft 
accelerations  at  the  C.G. 


3.2  Body  Axes  System  of  Measurement 

The  alroraft  body  axes  are  laitually  at  right  angles  and  originate 
at  the  alroraft  O.G.  (The  X*  axis  is  defined  in  figure  1.)  Positive 
directions  of  the  angular  velocities  and  accelerations  are  defined  In 
table  2 and  figure  2. 

Suffioient  measurements  were  made  about  and  along  the  aircraft  axes 
to  enable  oaloulations  to  be  made  of  the  acceleration  and  gyroscopic 
stresses  in  the  spin,  on  airframa  and  engine  respect Ivoly.  Hbasurement 
of  the  X*  acceleration  was  not  made  as  spin  measurements  on  other  aircraft'' 
have  shown  it  to  be  small.  The  stresses  on  the  aircraft  in  the  spin  are 
discussed  in  a later  section  6.32. 


The  sketch  of  figure  2 shows  the  body  axes  system  in  relation  to  the 
spin  geometry.  The  space  attitude  and  motion  of  the  aircraft  can  be 
calculated  fVom  tho  body  axes  measurements  if  a steady  spin  is  obtained. 
The  method  of  calculation  is  as  described  in  section  4. 


A-  Tho  'prototype*  Spin 


2 

It  has  been  shown“  that  a close  approximation,  oonsidcarably  simplify- 
ing the  spin  geometry,  can  be  made  by  postulating  that  tho  2'  body  axis 
Intersects  the  spin  axis.  Any  departure  of  tho  wings  from  the  horizontal 
position  oan  then  bo  obtained  by  ym/ing  the  aircraft  about  the  Z*  axis  as 
Shown  in  tho  diagram  of  figure  2.  The  follo\ving  rolationship  apply 

p'  = Q cos  a 003  X (1) 

r'  = n sin  a (2) 

q*  = n 003  a sin  X (3) 


from  (l)  and  (3)  tan  X 


4 (1)  and  (2)  £l 
P’  p’ 


tan  g 
00s  X 


from  balance  of  horizontal  forces 


R 


Zg  g 008  g 


(Note)  R as  calculated  is  from  spin  axis  to  Z*  aooeleroneter. 
Helix  angle  of  C.G.  = = tan  Y 

Vd 

and  aerodyxMOiio  sideslip  8°  ==  ~ y 

where  sin  By  » sin  x oob  a • 
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Theso  .rslatlonships  are  true  only  for  steady  spins,  in  rougti  osoiUatory 
spins  where  the  angular  7eloolties  and  aooelerations  aro  rapidly  ohsnglng 
they  do  not  apply. 

However  naan  angular  velodtios  end  aooelaratians  oan  be  obtained 
from  the  records  from  whioh  the  nean  attitude,  and  rate,  of  rotation  in 
the  osoiUatory  spin  oan  be  oaloulated. 

In  general  the  Vampire  spina  were  ver:/  osoiUatory  and  the  calculated 
space  quantities  sumnarised  in  table  3 ere  intended  to  give  a generatl 
indication  of  the  aircaraft's  moan  spaoc  attitude  and  notion  in  the 
oscillations  of  the  third  and  fourth  turns. 

5 Flight  Tests 
5.1  Method  of  Test 

Spins  frcoi  straight  and  level  flight  were  ooomenoed  by  throttling 
back  the  engine  and  reduoing  speed  until  the  airoraft  was  near  the  stall, 
when  the  spin  was  entered  by  applying  full  up  elevator  and  full  ruddor 
in  the  required  direotion  of  spin. 

Throughout  the  testa  the  particular  airoradft  used  showed  a left  wing 
drop  at  the  stall  and  this  affected  the  entry  to  the  spin  in  each  direo- 
tlon  and  probably  the  eventual  roughness  of  the  spin. 

The  pilot  attempted  to  hold  on  full  rudder  throughout  the  spins 
but  on  some  oooasicns  buffeting  caused  the  rudder  to  move  from  the  stops. 
As  far  as  possible  throughout  the  spins  and  recoveries  the  ailerons  were 
kept  oontral  except  in  the  case  of  spins  (records  7,  %,  15)  whore 
aileron  was  deliberately  applied. 

Hxoept  where  stated  otherwise,  recovery  from  spins  was  by  normal 
recovery  action  (full  opposite  rudder  and  moving  the  stick  forward  until 
the  spin  stops)  the  aircraft  rooovering  into  a stoop  dive,  often  over 
the  vertical,  from  whioh  a 'pull  out'  %ras  made. 

Oare  had  to  be  taken  that  the  'pull  out'  v/os  gentle  os  the  aircraft 
tended  to  stall  due  to  the  aooeleration  load  and  spin  again. 

6 Results  and  Discussion 

The  auto-observer  records  of  the  spins  and  recoveries  are  presented 
in  figures  3-1 6.  All  measurements  made  ar3  plotted  on  a oommon  time  base; 
time  zero  oorresponding  to  an  instant  at  the  stall  just  prior  to  entry  to 
the  spin.  The  first  part  of  the  'pull  out'  only  is  shoim  at  the  end  of 
the  records. 

Table  3 sumnarises  the  results  obtained  in  the  spins  and  the  mean 
spin  quantities  oaloulated  from  the  results. 

All  spins  show  a conmen  feature  in  that  there  is  an  Inoreasc  in  the 
spin  angular  velocities  and  aooelerations  as  the  spin  progresses.  All 
spins,  with  the  exception: of  that  with  anti-spin  aileron  applied,  were 
QBoillatory;  the  violienoe  of  tho  osoillations  varying  with  the  altitude 
of  the  spin,  the  applied  controls,  and  the  spin  direotion.  In  general 
spins  to  starboard  were  rougher  than  to  port. 

The  records  show  that  tho  osoillations  are  primarily  In  roll  and 
pltoh  (about  body  axes)  and  wo.  oydlo  with  uaoh  turn;  Inoreaslag  in 
amplitude  up  to  the  fourth  turn  of  tho  spin.  There  is  sono  Indioatlon 
from  the  records  that  the  osolllatlans  have  reached  mnxlnaim  amplitude 
at  the  fourth  turn  of  tho  spin. 
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The  altitude  records  siicw  large  errors  in  the  spin  due  to  the 
attitude  at  which  the  pitot  static  is  vrorking;  mean  rates  of  desoent  on^ 
are  obtainable  from  these  records. 

6.1  Normal  Spins 

Normally  entred  spins  consisted  of  tvvo  and  four  timi  spins  at 
different  altitudes  as  recorded  in  figures  3"^»  8-11. 

In  the  two  turn  spins,  figures  3-6,  the  records  shovf  that  the  spin  is 
not  fixlly  developed,  the  maxiimm  angular  velocities  measured  being  3.2 
redians/seo  in  roll,  1.25  radians/seo  pitch  and  1.1  radians/seo  in.yaw.- 
The  four  turn  spins  figures  8-1 'i  are  directly  comparable.  Thoso  records 
shcTir  that  spins  at  35,000  ft  altitude  are  considerably  less  oaoiHatcary 
than  at  20,000  ft.  In  the  normal  four  turn  spins  at  20,000  ft  the  highest 
angular  velocities  recordod  are,  4.15,  1«3,  2.0  radlans/acc  in  roll  yaw 
and  pitch  respectively.  At  35,000  ft  altitude  the  corresponding  peak 
angular  velocities  recorded  ore  3,9  (in  recovery),  I.3  and  1.3  radlans/sco. 
The  normal  acceleration  In  the  spins  was  small  not  exceeding  1 ’g'  at 
35,000  ft  and  l.o  'g'  at  20,000. 

Taking  mean  values  from  the  records  for  this  acceleration  and  for 
the  angular  velocities  and  rate  of  descent  after  3“4  turns  of  these  spins , 
the  spin  quantities  shewn  in  tabic  3 havo  been  calculated.  The  mean 
inddenoe  is  in  the  range  26-31°  and  the  rate  of  rotation  2. 0-2, 4 radians/ 
sec. 


These  spins  can  therefore  be  describod  as  steep  oscillatory  spins  in 
which  the  oaoillatians  are  predominatoly  roll  and  pitch  about  aircraft 
body  axes.  In  the  very  oscillatory  spins  the  incidence  range  in  the 
oscillatory  motion  is  probably  from  20-60°,  and  the  wing  tilts  'inner 
wing  do\'m'  to  angles  of  the  order  of  _+  30°  or  more  during  tho  osoillations. 
Tho  results  confirm  the  pilot's  sumnary  of  those  spins  as  followst- 
"All  spins  were  fair  I;-  stoop  with  tho  nose  of  the  aircraft  averaging 
about  30°  to  tho  vertioal.  The  spin  to  the  right  was  faster  and  rougher 
than  to  tho  loft,  and  the  lower  the  altitude  tho  more  oscillatory  was  the 
spin". 


The  spin  oscillations  are  further  discussed  in  a later  section  6.31. 

6.2  Spins  from  'g*  Stalls 

Spins  from  'g'  stalls  were  entered  from  turning  flight  the  turn 
being  tightened  until  the  aircraft  stalled  at  about  "I.Sg,  when  rudder 
was  applied  in  the  direction  of  spin.  The  spin  records  figures  12  and 
13  ijklioate  that  from  a 'g'  stall  the  spin  development  is  quick  and  high 
angular  velocities  occur  in  the  first  turn.  Ooa^arisen  of  theso  spiiis 
with  normaGLly  entered  spins  show  that  spins  from  'g'  stalls  can  load  to 
the  higher  stresses  in  the  first  two  turns. 

6.3  Spins  with  Applied  'Aileron' 

Figure  14  is  a record  of  a spin  entered  at  30,000  ft  from  straight 
and  level  flight  with  'pro-spin'  aileron  applied  throughout  the  spin. 
Figure  15  is  of  a similarly  entered  spin  with  'anti-spin'  aileron  applied 
('anti-spin'  aileron  is  aileron  In  opposition  to  tho  spin  direction,  e.g. 
stick  right  in  a left  hand  spin). 

The  reocords  show  that  aileron  epplioatlon  has  a largo  effect  on  the 
spins,  the  spin  with  anti-spin  aileron  being  almost  steady  (figure  15). 

In  this  spin  the  rate  of  roll  shows  an  almost  stoody  inoroaso  end  tho 
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rate  of  pltoh  is  'nose  dam'  nidth  only  snail  osolllations  present, 
this  steady  spin  the  rate  of  pitoh  does  not  beoone  positive  as  in  the 
oase  of  the  osoiUatovy  spins. 

The  oaloulated  airorait  motion  end  attitude  in  spaoe  in  this  spin 
is  shovtn  in  figure  18;  the  spin  vas  suffloiontly  steady  for  these 
oaloulated  results  to  be  aoourate  values. 

The  spin  with  pro-spin  aileron  vas  osoiUatory  with  a 'build  up'  and 
angular  velocity  range  similar  to  that  in  tho  normal  spins. 

6,2f  The  Spin  Reooveries 

There  vas  very  little  asyssnetry  between  reooveries  froa  each  direction 
of  spin,  from  four  tuzn  spins  in  either  direction  recovery  tine  never 
exceeded  3*5  seconds.  (Recovery  time  is  defined  as  tine  elapsing  botveun 
application  of  opposite  rudder  to  roduoticn  of  rate  of  yaw  to  loss  than 
0.2  rads/seo).  There  was  no  indioation  that  when  normal  rooovory  aotion 
was  applied  the  reoovexy  vas  other  than  positive  at  either  altitude. 

The  reooveries  using  'pro'  and  'anti-spin'  aileron  in  oonjunoticn 
with  normal  recovery  action  show  little  difference  in  recovery  time,  tho 
applloatlon  of  anti -spin  aileron  being  slightly  noore  favourable  to 
reoovexy.  This  result  is  in  agreement  with  predictions  of  aileron  effect 
for  the  aircraft  based  on  model  tests3. 

Figure  is  a record  of  a spin  in  which  restricted  control  movements 
were  used  in  rooovery.  It  will  be  seen  from  the  record  that  with  centra- 
lised rudder  only,  and  stiok  forward  for  reoovery,  rooovery  has  not  taken 
place  In  7 seoonds,  whereupon  the  pilot  applied  full  opposlter  rudder  and 
effected  reoovery.  This  spin  and  rooovery  was  repeated  by  another  pilot 
who  applied  5®  of  opposite  rudder  in  recovery  aotion,  lUll  rwvety  then 
being  effected  after  8.8  seoonds.  (Rudder  traoe  figure  l6a.) 

These  results  are  a measure  of  tho  aircraft's  ability  to  recover 
Item  four  turn  spins  and  show  that  reoovery  is  doubtful  when  'opposite' 
rudder  is  not  used,  and  delayed  for  6 sooends  when  only  5®  of  anti-spin 
rudder  is  applied. 

These  results  show  that  while  reoovery  is  quite  satisfactory  from 
four  turn  spins  by  normal  reoovexy  action,  the  margin  of  safety  is  not 
high  if  the  controls  are  mis -applied  in  reoovery  action. 

6.3  General  Dlsoussian 

Comparison  of  the  four  turn  spin  results  for  the  Vampire  with  those 
of  other  aircraft  shows  the  Vanplre  to  have  one  of  the  most  oscillatory 
spins  yet  measured.  Sxamlnation  of  the  spin  results  shows  the  oharaoter 
and  possible  oauso  of  tho  oaoillations,  a^  indicates  that  tho  oscilla- 
tions  mey  load  to  high  stresses  in  the  engine  «nd  portions  of  the  airfrome. 
These  features  are  discussed  in  the  following  sections. 

6.51  The  Spin  Osoillaticns 

The  angular  velooitles  and  acoelsr ations , and  aerodynamio  foroes 
and  momanta  acting  on  the  aircraft  throughout  the  spin,  are  dependant 
on  the  airoraft's  motion  and  attitude  in  space  during  each  turn. 

Use  of  the  relationships  of  sootion  4 to  give  airoraft  spaoe  attitudo 
of  aotion  at  any  instant  in  a seoi-OBolllatory  spin  oan  ^ve  apporexinate 
values  only.  Suoh  results  however  oan  bo  most  useful  in  maldag  a fUlr 
reconstruction  of  tho  osoiUatory  aotion  of  the  aizwaft  in  space  during 
the  spixu 
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This  has  been  done  far  tho  somi-osotllatory  spin  of  figure  11,  the 
oaloulated  angles  of  inoldcnoe,  wing  tilt , rate  of  rotation  and  spin 
radius  obtained  are  plotted  on  the  same  tlfoo  base  as  tho  spin  neasurecaents  / 
in  figure  17. 

Rroia  figure  17  the  aircraft's  spaoe  motion  in  the  osoillatary  spin 
oan  be  reconstructed  as  follcjws:-  At  time  6 seconds  on  the  record  the 
aircraft's  Incidence  is  decreasing  to  roach  its  nd,nimum  at  time  8.0  secs, 
during  this  period  the  rate  of  rotation  increases  and  its  principal  oomr 
ponent  rotation  in  body  axes  is  in  roll,  which  therefore  also  increases. 

The  'outer'  wing  is  down  and  this  gives  rise  to  a nose  down  rate  of  pitch 
about  body  axes  (see  figure  2 and  equation  (4}  section  4)  • Feak  rate  of 
rotation  and  minimum  incidence  Occur  together  and  the  v/lng  tilt  is  chang- 
ing from  'outward'  to  'inward'.  The  spin  inoidenoo  than  Increases  and 
the  rate  of  rotation  decreases;  during  this  phase  the  v/ing  tilt  is  inward 
(giving  rise  to  nose  up  rate  of  pitch  about  body  axes)  until  just  before 
maximum  Inoidenoe  is  reached,  when  the  wing  tilt  becomes  'outer'  vdng  dovm 
onoe  more,  liaxiiaum  incidence,  ndninmin  rate  of  rotation  and  roll  about  body 
axes  are  coincident  and  then  the  oscillation  cyolo  is  repeated  with  a 
reduction  in  inoidenoo  accompanied  by  an  increase  in  rate  of  rotation,  a 
turn  of  the  spin  being  con5)lotod  at  time  10.6  seconds  on  record. 

This  reconstruction  of  the  motion  agrees  ivith  pilots'  reports  of  the 
oscillations  in  that  the  peak  rate  of  roll  ooourrod  when  tho  alroraft  was 
in  a near  vcrtioal  attitude  and  was  a nrinlmtun  when  the  aircrafts  inoidenoe 
was  at  its  maximum.  The  reconstruction  also  shows  that,  the  wing  tilt  is 
changing  from  'inwards'  to  'outward'  in  a oyolic  motion  during  each  turn 
of  tho  spin. 

The  inddorioe  at  the  'outer'  wing  tip  during  the  spin  oscillations 

has  been  calculated  from  relationship  “tip  ~ ol  - tan  "2^  • 

results  (figure  17)  show  that  in  tho  stoop  incidence,  high  rate  of  rota- 
tion phase  of  the  spin  oscillations,  the  outer  wing  must  bo  unstalled 
for  a short  period  and  then  restalls  os  the  inoidenoo  inorooses.  Tho 
occurrence  of  this  unstalling  in  phase  with  the  oscillations  would  prevent 
any  possible  balance  of  the  spin  couples  at  small  inoidenoe  in  the  spin. 

A steady  spin  was  only  possible  with  anti-spin  aileron  applied  in 
tho  spin;  calculation  of  the  outer  wing  tip  iiwidenoo  in  this  spin  shows 
that  it  is  unlikely  that  the  outer  vdng  tip  unstalls.  Tho  calculated 
space  attitude  and  motion  in  this  spin  is  presented  in  figure  18;  the 
spin  was  steady  enough  for  tho  calculation  to  give  accurate  space 
qvisntlties. 

Comparison  of  the  spaoe  quantities  for  this  spin  with  the  mean 
values  obtained  for  the  aeml-osoillatory  spin  with  neutral  ailerons, 
figure  17,  shows  that  tho  primary  effect  of  tho  applied  anti-spin  aileron 
is  to  make  the  wing  tilt  more  negative.  This  isq&lies  that  simultaneous 
balance  of  the  spin  couples  in  roll,  yaw  and  pitch  requires  a steady 
negative  wing  tilt  in  the  spin  (i.o.  negative  sidosli]^ , and  when  this 
is  not  obtainable,  in  spins  vfith  neutral  ailerons,  on  oscillatory  spin 
results. 


6,52  The  Stresses  on  the  Aircraft  In  tho  Spin 

In  the  Vampire  osoillatcrj'-  spins  the  high  angular  velocities  In 
pitch  and  yavr  which  occur  applo'  a gyroscopic  oouplo  to  tho  rotating 
oon^ressor  and  turbine  disc  of  tho  engine.  The  magnitude  of  the  couple 
d^ends  on  the  angular  velocity  of  tho  aircraft  fuselage  axis,  the  engine 
revolutions,  and  the  polar  moment  of  inertia  of  tho  rotating  part  i.o* 

Couple  s ijr'^  + q'^x  engine  rovolutions. 
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This  oouple  has  two  effects  csn  the  engine 

1.  A direct  stress  on  the  rotating  discs  and  couplings,  end  a resultant 

shaft  load  on  the  ongLno  bearings. 

2.  Fatigue  of  the  rotating  parts  of  the  engine. 

In  the  case  of  the  Vampire  spins  at  20,000  ft  altitude,  the  maxijnum 
angular  velocity  of  the  fuselage  axis  reoordad  was  2.33  radions/seoond, 
and  the  engine  Idling  r.p.n.  was  4*700  r.p.m.  In  spins  at  altitude 
35,000  ft  the  maximum  angular  velocity  recorded  was  1.48  radians/seoond 
and  the  oarresponding  engino  idling  r.p.m.  7,800. 

The  standard  technique  before  oarrying  out  tost  or  practice  spins 
is  to  throttle  back  the  engine  speed  to  idling  r.p.m,  which  is  of  necessity 
increased  with  increase  of  altitude.  Fortunately  spins  at  altitude  are 
less  oscillatory  and  the  two  effects  tend  to  cancel  out,  in  the  case  of 
the  Vampire  the  results  show  that  the  gyrosoopio  couple  on  the  discs  end 
shaft  of  the  engine  is  slight!^'-  greater  at  the  higher  altitude. 

In  an  accidental  spin  such  as  might  occur  in  combat  the  aircraft 
could  spin  with  the  engino  at  full  r.p.m.  and  this  oon4>inod  with  a violent 
oscillatory  spin  would  be  the  oritical  stressing  case  for  the  engine. 

The  gyrosoopio  oouple  is  such  that  with  each  revoluticxi  of  the  engine 
the  disc  flange  and  attachment  bolts  arc  alternatively  put  into  tension 
and  oompression.  This  factor  may  have  to  be  considered  in  assessing  the 
fatigue  life  of  the  engine  if  Vampire  aircraft  are  to  be  used  regularly 
for  practice  spina. 

Acceleration  in  the  spin,  at  the  aircraft  O.G, , duo  to  the  aircraft’s 
space  motion,  are  small;  the  normal  acceleration  did  not  exceed  1.6  ’g'  in 
the  spins  and  that  along  the  Y’  axis  1.0  'g'.  Accelerations,  at  parts  of 
the  aircraft  distant  from  the  O.G. , due  to  the  aircraft’s  own  rotations 
can  be  largo,  particularly  at  the  wing  tips  and  the  outer  wing  tank 
position.  This  is  due  to  the  high  rates  of  roll  as  measured  in  the  spin. 

In  the  spin  of  figure  9 where  a peak  rate  of  roll  of  4.15  radians/seoond 
occurred,  the  outer  wings  tanks  have  6.2  ’g'  acting  outwards  on  thorn  due 
to  roll  and  O.63  ’g’  duo  to  rate  of  yaw;  this  is  in  additicn  to  the  Y' 
aooeleraticn  at  the  C.G. 

6. 53  The  Phvsiologioal  Effect  of  Violent  Spins 

In  the  inare*^olent  oscillatory  spins  the  motion  had  an  effeot  on 
the  pt^loal  senses  of  the  pilot.  The  principal  effects  noted  by  the 
pilot  were  dizziness  and  disorientation,  principally  in  recovery,  and  as 
an  after  effect,  a reluotanoo  to  apply  nuoh  normal  ’g’  in  the  pull  out 
flrom  the  recovery  dive. 

The  disorientation  principally  manifested  itself  in  inability  to 
foouss  the  eyes  for  a short  period  and  tUs  may  be  attributed  to  the  higli 
rates  of  roll  occurring  during  spin  and  recovery. 

The  physloal  effects  of  the  violent  oscillations  are  acceptable  for 
experienced  pilots  but  raises  the  question  of  their  possible  confusing 
effect  on  Inexperionood  pilots  practising  spinning  on  the  aircraft. 

7 Oonoluslons 

All  normal  spins,  up  to  four  turns,  of  Vampire  VZ835  were  osoillatory. 
Tbs  oeoiUations  were  primarily  in  roll  and  pitch  about  aircraft  body  axes 
and  oyoUo  with  each  turn  of  the  spin. 
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High  angular  velooltlos  were  .recorded  In  tho  osolUatory  spins; 
maxiimm  values  measured  wore:-  angular  velocity  of  tho  fuselage  axis 
2*35  radians/seoond,  and  rate  of  roll  4.13  radlans/sooond,  in  a spin  at 
20,000  ft  altitude.  Spins  at  35*000  ft  were  less  oscillatory. 

lieoonstruotion  of  the  space  motion  during  the  oscillatory  spin  shows 
that  peak  rate  of  roll  and  mininsim  inddenoo,  minimum  rate  of  roll  and 
maximum  inoidenoe  ooour  in  phase  in  the  osolUaticns. 

Anti-spin  aileron  applied  throughout  tho  spin  had  the  effect  of 
making  the  spin  almost  steady;  with  applied  pro-spin  aileron  the  spin 
was  osoillatory. 

Recovery  frem  the  fotir  tr^n  spin  by  normal  rooovery  action  was  olv/ays 
satisfactory.  V/ith  rudder  only  centralized  instead  of  reversed,  recovery 
was  doubtful. 
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LIST  OF  saffica^ 

n radians/seoond,  rata  of  rotation  of  aircraft  about  vortioal  spin  axis 
a degrees,  vdng  inoidenoe  to  vertical  at  plane  of  symaetry 
Vj)  ft/sebond,  vertioal  rate  of  descent 
Vj,  ft/socond,  air-  speed  along  flight  path 

^C.G.  radius  (airoraft  centre  of  gravity  to  spin  axis) 

Y degrees,  angle  of  holioal  path  of  C.G.  to  the  vortioal  spin  axis 

X degrees,  angle  of  rotation  of  wing,  about  nonnal  Z'  axis,  from  the 
wings  horizmtal  position  (+  'inner'  wing  down) 

6 degrees,  angle  of  tilt  of  wing  to  horizontal  plane  (as  seen  in  a fiLn 
view  of  spin  from  side,  and  positive  inner  wing  down) 

P degrees,  aerodynamio  sideslip  angle  (i.c,  angle  which  relative  ’.rind 
makes  with  the  aircraft  plane  of  symnetry,  positive  for  inward 
sideslip 

p'  radians/seoond,  rate  of  roll  of  aircraft  about  X'  body  axis  ( + to 
starboard)  -- 

q'  radians/seoond,  rate  of  pitch  of  airoraft  about  Y'  body  axis  ( + nose 
up) 

r*  radians/seoond,  rate  of  yaw  of  aircraft  about  Z'  body  axis  ( + to 
starboard) 

Z'g,  acceleration  in  'g'  units  along  Z'  body  axis  ( + upwards) 

Y'g,  acceleration  in  'g'  units  along  Y'  body  axis  ( starboard) 

N aerodynamic  force  normal  to  wing  chord 
W lb,  airoraft  weight 
A lb  ft^.  Rolling  moment  of  inertia. 

B lb  ft^,  Rltohlng  moment  of  inertia. 

0 lb  ft^.  Yawing  moment  of  inertia. 
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